Mixed cultures of epithelial cells and fibroblasts, derived from primary cultures of the skin of embryo rats, grown always in rubber-stoppered T-60 flasks, first yielded a transplantable tumor from the 52nd passage, at the end of 13 months of frequently repeated subculture. A group of subcultures, derived from the 22nd passage, grown under the same medium, with the addition of 1% oxyhemoglobin, failed to yield a tumor in 23 months of repeated subculture. A return of these cultures to the regular medium with oxyhemoglobin, yielded a tumor in 4 months, after 12 more passages. Cultures of transformed cells that had regularly yielded a transplantable tumor, for 6 years, up to the 305th passage, continued to yield transplantable tumors when 1% oxyhemoglobin was added to the medium. The cells remained highly atypical, microscopically, and there was no indication of reversal of the malignancy. Although oxyhemoglobin in the medium of cell cultures seems to have had the ability to keep malignancy in abeyance, it did not reverse the established malignant transformation of the cells.
Two previous publications (1, 2) , on studies based upon the investigations of Warburg (3, 4) , have dealt with the malignant transformation of mammalian (rat embryo) cells grown for prolonged periods in vitro under the ordinary conditions of cell culture. In the second study (2) , the cells were grown in tightly rubber-stoppered, or loosely cotton-stoppered, stationary T-60 flasks. In the rubber-stoppered flasks, the percent of oxygen of the ambient air gradually decreased greatly during every uninterrupted culture period (about 4 days) between changes of medium. In the cotton-stoppered flasks, however, there was free access of air to the chamber of the flask, so that the oxygen in the atmosphere over the medium was always that of the ambient air (about 20.9%). Under both conditions, however, atypical cells began to appear and gradually increased in number, during repeated subculture, until most of the cells appeared atypical. Tumors finally developed from the subcutaneous inoculation of the cultures of both groups into young rats. The tumors proved transplantable. In both cases, hypoxia was incriminated as the basic, initiating cause of the malignancy, and reasons were presented for excluding other possible causes. In the case of the cells grown in cotton-stoppered flasks, with free access of ambient air, the inadequate diffusion of the atmospheric oxygen into the liquid medium of the stationary flask was considered the reason for the unavailability of adequate oxygen to the cells from the overlying medium. In both studies (1, 2) some of the cultures were exposed, intermittently and briefly, to an atmosphere of nitrogen (anoxia), which seemed merely to have hastened the malignant transformation of the cells in some of the cultures. 1780
This study deals with the possible prevention or reversal of malignant change in mammalian cells grown for a prolonged period in vitro under the ordinary conditions of cell culture.
MATERIALS AND METHODS
As in the previous study (2) , the primary cultures of this investigation were developed from a suspension of a mixture of epithelial cells and fibroblasts obtained by the trypsinization of fragments of skin (mainly epidermis) of 18-day rat embryos of the Sprague-Dawley-derived Holtzmann strain. These cultures and all the subcultures of the various groups derived from them were grown in tightly rubber-stoppered T-60 glass flasks kept at rest in the incubator at 37°. Fig. 1 is a graphic representation of the derivation of these groups. Young female rats of the Holtzmann strain, weighing about 125 g, were used for the subcutaneous inoculation of the cells to determine their tumor-producing capacity. The basic medium and the methods of culture and inoculation of the cells were the same as in the previous study (2) . The procedure for the possible prevention or reversal of the malignancy was the addition to the medium of sterile 1% human hemoglobin, prepared according to the method of Pennel and Smith (5) . In some of the cultures ambient air was the source of oxygen (20.9%), while in others it was a mixture of 45% 02, 50% N, and 5% C02, frequently renewed. It was considered that these conditions would increase the concentration of oxygen dissolved in the medium and especially that the oxygen might be more easily available to the cells from the oxyhemoglobin.
RESULTS
Group I. The cells of this group, derived from the primary cultures ( Fig. 1 ), gradually became highly atypical and, at the end of 13 months, the subcultures .of the 52nd passage yielded the first tumor, which proved transplantable. They were grown under exactly the same conditions as the primary cultures. After the 52nd passage, the cells remained transformed, and transplantable tumors continued to develop from the inoculated cells up to the 123rd passage, during 29 months of repeated subculture, at which time this study had to be discontinued (Fig. 1) .
Group II. This group was derived from subcultures of the 22nd passage of Group I cultures ( Fig. 1 (Fig. 1) .
Group III. The cultures of this group were derived from the 66th passage of Group II (Fig. 1) , after 16 months of repeated subculture, during which time the inoculation of the cells had not yielded a tumor. During the last 10 months, the medium of Group II cultures contained 1% oxyhemoglobin and the atmosphere of the flasks contained 45% 02. In Group III, the medium remained unchanged, but the atmosphere in the chamber of the flask was reduced from 45% 02 to that of ambient air, containing only 20.9% 02. Under these conditions, also, no tumors developed from the frequently inoculated cells of 52 more passages, during 13 months, at which time the cells had been growing for a total of 29 months and had been subcultured 118 times (Fig. 1) .
Group IV. The cultures of this group were derived from the 106th passage of Group II cells (Fig. 1) Group V. This group was derived from Group III cells (Fig.  1) , after the 106th passage, and 9 months of subculture without the development of a transplantable tumor from frequently inoculated cells. During these 9 months, the medium contained 1% oxyhemoglobin and the atmosphere was only ambient air. The cultures of Group V were changed back to regular medium (without hemoglobin), with ambient air in the chamber, the original conditions of Group I. After 4 more months and 12 passages, under these conditions, no tumors had yet developed when this study had to be discontinued.
Group VI. This group (Fig. 2) 
GROUP I FROM PRIMARY CULTURES MEDIUM + AMBIENT AIR
Cell Biology: Goldblatt and Friedman passage of primary cultures of the previous study (2) , similar to those of the present study. They had been growing under regular medium, in tightly stoppered T-60 flasks, with ambient air in the chamber, and had been subcultured 305 times in 6 years. The first transplantable tumor had developed from the 28th passage, at the end of 7 months of repeated subculture, and the cells continued to yield transplantable tumors throughout the 6 years. In Group VI, the medium was changed to include 1% human hemoglobin, with an atmosphere of a mixture of 45% 02, 50% N, and 5% CO2. Subcultures were subjected to these conditions to the 399th passage during a period of 23 months. The cells remained transformed and the inoculation of the subcultures into rats continued to yield tumors, with the same frequency and growth characteristics as the control subcultures, kept under the original conditions. Oxyhemoglobin, which was evidently able to prevent the development of malignant change in the cells of Groups II and III, failed to reverse the malignancy of cells that had been yielding tumors for 6 years.
DISCUSSION
In this study, the malignant transformation of a mixture of epithelial cells and fibroblasts, grown under the ordinary conditions of cell culture, occurred after 13 months of repeated subculture. The same cultures, grown under the same medium, with the addition of 1% human oxyhemoglobin, with either 45% or 20.9% 02 in the atmosphere of the culture flask, failed to yield a transplantable tumor in 29 months of repeated subculture. It seems reasonable, therefore, to assume that if hypoxia is an initiating cause of malignant change (2), the prevention of the malignant transformation during this period was due to the increased availability of the oxygen to the cells from the oxyhemoglobin in the medium. The fact that a change back to tumor-producing conditions did result in the development of a tumor in one group, indicates that the malignant transformation was at least being held in abeyance during the period when oxygen was more easily available to the cells from the oxyhemoglobin. This emphasizes what we consider the significant part played by hypoxia in the initiation of malignant transformation of mammalian cells growing for a prolonged period in vitro (2). Had it not become necessary to terminate this study, the matter of the continued prevention of malignant transformation, by exposure of the cells to oxyhemoglobin, might have been settled by the continuation of the exposure over a much longer period than the 29 months. It is of interest that reversal of malignancy was not effected by exposure of a mixture of malignant epithelial cells and fibroblasts to oxyhemoglobin for a prolonged period. The cells remained atypical and continued to yield tumors as readily and as frequently as those that were not exposed to oxyhemoglobin. In this study the occasional failure of an expected tumor to develop, or the sporadic involution of a developing tumor, we have considered due to the unusual resistance of the animal. Only a repeatedly negative or positive result was attributed to the nonmalignant or malignant state of the cells, respectively.
